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Abstract 



Vanes (73) are provided on the outer peripheries of both surfaces of an impeller in a circumferential 
direction and vane grooves (72) are provided between the vanes. The vane grooves are formed to be 
curvilinear as viewed from a radial cross section. Also, connections of the vane grooves (72) with end 
surfaces (74) of the vanes are formed to be curvilinear as viewed from a circumferential cross section, and 
portions which extend from a forward side of a direction of rotation toward the connections are formed to be 
curvilinear. Communication holes (76) are formed forwardly or rearwardly of the vane grooves in the 
direction of rotation to allow communication between the vane grooves on both surfaces. An opening of the 
vane grooves is formed into various shapes, for example, straight in a radial direction, curved in the direction 



of rotation, or inclined in the direction of rotation. 
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Description 



Technical Field 

[0001] The present invention relates to an impeller for an electro-drive type fuel pump. 
Background Art 

[0002] FIG. 1 shows an electro-drive type fuel pump of an in-tank system which is inst all ed in a fuel tank 
The electro-drive type fuel pump illustrated in FIG. 1 is composed of a motor portion 1 and a pump portion 
2, which are incorporated in a cylindrical^ formed housing 3. A motor cover 4 and a pump cover 5 are 
attached to the upper and lower end portions of the housing 3. 

[0003] By supporting the upper and lower end portions of a shaft 8 at the motor cover 4 and I the Pump 
cover 5 via bearings 9 and 10, respectively, an armature 7 is disposed in a motor chamber 6 so as to rotate 
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therein A plurality of commutator segments 12, which are connected to a coil and which are composed of 
copper and silver as their principal components, are disposed on the armature 7 and are insulated from 
each other A magnet 1 1 is disposed on the inner wall surface of the housing 3. A brush 1 3, which can 
slidingly contact the commutator segments 12 of the armature 7, and a spring 14 that biases the brush 1 3 
are incorporated in the motor cover 4. The brush 13 is connected to an external connection terminal via a 
choke coil 15. 

[0004] A check valve 1 7 is incorporated in a discharge port 1 6 secured to the motor cover 4, and a fuel 
feeding pipe is connected to the discharge port 16. A pump body 18 is attached to the lower end portion of 
the housing 3 by caulking it to the lower side of the pump cover 5. A fuel inlet opening 19 is provided in the 
pump body 18 and a fuel outlet opening 20 is provided in the pump cover 5. The inlet opening 19 and the 
outlet opening 20 are provided at positions separated from each other in the circumferential direction of the 
pump chamber formed by the pump body 18 and pump cover 5. A disk-shaped impeller 21 having a 
plurality of blade grooves 22 formed on the upper and lower sides in the circumferential direction is 
disposed in the pump chamber formed by the pump body 18 and the pump cover 5. The impeller 21 is 
formed of resin, etc., and is fitted onto the shaft 8 of the armature 7. 

[00051 In an electro-drive type fuel pump constructed as described above, when the motor portion 1 is 
energized to rotate the armature shaft 8, the impeller 21 is driven for rotation. As the result, fuel in the fuel 
tank is drawn up through the inlet opening 1 9 and enters the motor chamber 6 through the outlet opening 
20, and the fuel is discharged to a fuel feeding pipe through the discharge portion 16. 

[0006] A known impeller is described in Japanese Laid-open Patent Publication No. 7-54726. FIGS. 2 
through 5 show the known impeller. FIG. 2 is a perspective view of the impeller, FIG. 3 is an enlarged view 
of section III identified in FIG. 2, FIG. 4 is a sectional view (sectional view taken in the radial direction) 
taken along the line IV-IV in FIG. 3 and FIG. 5 is a sectional view (sectional view taken in the 
circumferential direction) taken along the line V-V in FIG. 3. Blades 23 are provided along the 
circumferential direction on the outer circumferential portion of both sides of the impeller 21 and a blade 
groove 22 is formed between the blades 23. A flow line groove 35 is formed at portions of the pump cover 
5 and the pump body 18 that correspond to the blade grooves 22 of the impeller 21 . Thus the flow line 
groove 35 forms a flow line 36 from the inlet opening 1 9 to the outlet opening 20. In the radial direction 
sectional view, the blade grooves 22 are formed in a curved shape as shown in FIG. 4. 

[0007] Furthermore, in the circumferential direction view, the blade grooves 22 are formed in a rectilinear 
shape that is parallel to the plane of the impeller as shown in FIG. 5. The connection portion 26 between 
the end face 24 of the blade 23 at the front side of the rotational direction and the end face 25 of the blade 
23 at the rear side of the rotational direction has a right angle, that is, a rectangular shape^ An opening 
portion of the blade groove 22 is formed so that the opening edge portion 28 in the radial direction at the 
rear side of the rotational direction has a rectilinear shape as shown in FIG. 3, and at the same time 
connection portions 31 and 32 between the opening edge portion 28 and the opening edge portion 29 or 
30 in the circumferential direction has a right angle. 

[00081 In such a known impeller 21 , when fuel flows from the inlet opening 19 to the outlet opening 20, a 
circulating vortex flow is generated wherein fuel flows outward of the radial direction along the blade 
grooves 22 of the impeller 21 as shown by the arrows in FIG. 4 and collides with the wall surface in the 
S direction of theflow line 36. The fuel flows inwardly in the radial direction along the flow -hoe > groove 
35 and again flows outward of the radial direction along the blade grooves 22. Because the speed o the 
circulating vortex flow in the circumferential direction is slower than the peripheral speed of the 21, 
the fuel that flows inwardly in the radial direction along the flow line groove 36 is caused to flow in the blade 
grooves 22 at the rear side of the rotational direction. At this time, because the connection portions 
between the blade grooves 22 and the end faces 24 or 25 of the blade 23 are formed to a right angle when 
viewed in the circumferential direction, the speed of the circulating vortex flow in the circumferen tial 
direction is decelerated by fluid resistance at the right angled connection portion 26, and thus, pump 
efficiency was not satisfactory. 

[0009] Furthermore, an impeller in which blades are inclined in the rotational direction as described in 
Japanese Laid-open Patent Publication No. 6-299983, and an impeller in which the blades are chamfered 
as described in Japanese Laid-open Patent Publication No. 7-189973, etc., has been described. 

[0010] However, with respect to impellers in which blades are inclined in the rotational direction and blades 
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or chamfered, the number of resin materials can form the impeller are limited, because the impeller shape 
is complicated In particular, it becomes difficult to mold the impellers with thermosetting resin. Because the 
strenqth anti-swelling properties when contacting with gasoline, etc., of thermosetting resins are higher 
than those of thermoplastic resins, etc., reliability may be a problem if the impellers are made of a resin 
such as thermoplastic resin, etc., other than the thermosetting resin, etc. 

r0011l Further because the opening edge portion 28 in the radial direction at the rear side of the rotational 
direction of the opening portion of the blade grooves 22 shown in FIG. 3 has a rectilinear shape, and the 
connection portions 31 and 32 between the opening edge portion 28 and the opening edge portion 29 in 
the circumferential direction outward of the radial direction or the opening edge portion 30 in the 
circumferential direction inwardly in the radial direction have a right angle, the speed of a circulating vortex 
flow flowing out from the blade grooves 22 in the circumferential direction is decelerated, and inflow of fuel 
into the blade grooves 22 is not smooth. Therefore, pump efficiency is not satisfactory. 

[00121 In addition, although vapor exhaust port 37 that exhausts vapor (air bubbles) in the blade grooves 
22 is disposed in one flow line groove 35 of the pump cover 5 or the pump body 18, vapor in the blade 
qrooves 22 that is disposed in the side opposite of the vapor exhaust port 37 cannot be immediately 
exhausted through the vapor exhaust port 37. Therefore, pump efficiency is not satisfactory. Further, 
because the outlet opening 20 is provided at one side (the upper side in the case of FIG. 1) of bo h upper 
and lower sides of the impeller 21 , fuel in the blade grooves 22 opposite to the side where the outlet 
opening 20 is disposed scarcely flows into the outlet opening 20 side. Therefore, pump efficiency is not 
satisfactory. 

[001 3] It is, accordingly, an object of the invention to provide an impeller for an electro-drive type fuel pump 
that is capable of improving pump efficiency with a simple shape or construction. 



Disclosure of the Invention 



[00141 The invention provides an impeller for an electro-drive type fuel pump having blades and blade 
orooves that are provided along the circumferential direction, wherein the blade grooves have a curved 
shape when observed in sectional view thereof in the radial direction, and wherein connection portions 
between the blade grooves and end faces of the blades at the rear side of the rotational direction are have 
a curved shape when observed in sectional view thereof in the circumferential direction. 

[001 5] The invention also provides an impeller for an electro-drive type fuel pump in which the connection 
portions are circular. 

[00161 Further the invention provides an impeller for an electro-drive type fuel pump in which the blade 
grooves are formed and inclined from the front side of the rotational direction toward the connection 
portions when observed in sectionai view thereof in the circumferential direction. 

r0017l The invention also provides an impeller for an electro-drive type fuel pump in which opening portions 
of the bla e grooves are constructed such that the connection portions between the opening edge portions 
in the radial direction at the rear side of the rotational direction and the opening edge portions in the 
circumferential direction outward of the radial direction have a curved shape. 

[001 8] Furthermore, the invention provides an impeller for an electro-drive type fuel pump in i which i the , 
opening portions of the blade grooves are constructed such that the opening edge portions in the radial 
direction at the rear side of the rotational direction have a curved shape. 

[0019] The invention additionally provides an impeller for an electro-drive type fuel pump in which the 
ooeninq portions of the blade grooves are constructed such that the connection portions beh/veen the 
opening edge portions in the radial direction at the rear side of the rotational direction and the opening 
edge portions in the circumferential direction inward of the radial direction have a curved shape. 

[00201 The invention also provides an impeller for an electro-drive type fuel pump in which the opening 
portions of the blade grooves are formed and inclined relative to the radial direction. 
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r0021l With the above-mentioned construction, fuel smoothly flows and a speed vector in the 
circumferential direction is provided for the circulating vortex flow from the blade groove, because fluid 
resistance of the blade groove is reduced, so that pump efficiency can be improved. 

F00221 The invention provides an impeller for an electro-drive type fuel pump having blades and blade 
grooves that are provided along the circumferential direction on both sides thereof, wherein communicating 
holes are formed to communicate fuel between the blade grooves on both sides. 

[00231 The invention also provides an impeller for an electro-drive type fuel pump in which the 
communicating holes are formed to extend over the blade grooves in the radial direction thereof. 

[00241 The invention also provides an impeller for an electro-drive type fuel pump in which the 
communicating holes are formed at the rear side of the rotational direction of the blade grooves. 

[0025] The invention further provides an impeller for an electro-drive type fuel pump in which the 
communicating holes are formed at the front side of the rotational direction of the blade grooves. 

[00261 Furthermore, the invention provides an impeller for an electro-drive type fuel pump in which the 
blade grooves facing the outlet side are formed to shift toward the rear side of the rotational direction 
relative to the blade grooves facing the inlet side. 

[00271 With the construction described above, it is possible to improve the vapor exhaust capacity of the 
blade grooves, or it is possible to improve the fuel exhaust capacity of the blade grooves. Therefore, pump 
efficiency can be further improved. 

[0028] Because the above-mentioned construction is further simplified, it is possible to form impellers with 
a thermosetting resin, etc. 

Brief Description of the Drawings 



FIG. 1 is a schematic view of a known electro-drive type fuel pump; 

FIG. 2 is a perspective view of the known impeller; 

FIG. 3 is an enlarged view of part III of FIG. 2; 

FIG. 4 is a sectional view taken along the line IV-IV in FIG. 3; 

FIG. 5 is a sectional view taken along the line V-V in FIG. 3; m ^ iman *. 
FIG. 6 is a fragmentary sectional view of an impeller according to a first preferred embodiment, 
FIG. 7 is a sectional view taken along the line VII-VII in FIG. 6; 

FIG 8 is a sectional view taken along the line VIII-VIII in FIG. 6; ^ f ^ 

FIG 9 is a circumferentiaiiy sectionai view of an impeller becoming iO a secor.u P'^"<=" C, ' ,U ^ , ' , J,'.' 1 " 
FIG' 10 is a circumferentiaiiy sectional view of an impeller according to a third preferred embod '™nt 
FIGi 11 is a view showing an opening portion of an impeller according to a fourth preferred embodiment, 
FIG 12 is a view showing an opening portion of a known impeller; 

FIG'. 13 is a fragmentary sectional view of an impeller according to a fifth preferred embodiment; 

FIG. 14 is a sectional view taken along the line XIV-XIV in FIG. 13; 

FIG 1 5 is a sectional view taken along the line XV-XV in FIG. 1 3; 

FIG 16 is a plan view of the impeller according to the fifth preferred embodiment; 

FIG 17 is a fragmentary enlarged view of the impeller according to the fifth preferred emb^iment 

FIG 18 is a circumferentiaiiy sectional view of an impeller according to a sixth preferred embodiment, 

FIG 1 9 is a plan view of the impeller according to the sixth preferred embodiment; 

FIG' 20 is a fragmentary enlarged view of the impeller according to the sixth preferred embodiment; 

FIG 21 is a plan view of an impeller according to a seventh preferred embodiment; 

FIG' 22 is a fragmentary enlarged view of the impeller according to the seventh preferred embodiment, 

FIG 23 is a plan view of an impeller according to an eighth preferred embodiment; 

FIG'. 24 is a fragmentary enlarged view of the impeller according to the eighth and ninth preferred 

FIG ^sTapian view at the inlet opening side of an impeller according to a tenth preferred embodiment; 
FIG. 26 is a plan view at the outlet opening side of the impeller according to the tenth preferred 
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FIG ZMs^circumferentiallv sectional view of the impeller of the tenth preferred embodiment; 
FIG! 28 is a plan view at the inlet opening side of an impeller according to an eleventh preferred 

FK^29?aplan view at the outlet opening side of the impeller according to the eleventh preferred 

Fia^oTs^circumferentially sectional view of the impeller according to the eleventh preferred 

FIG^1?a view showing the shape of the opening portion of blade grooves, and the relationship between 
the disposing position of communicating holes and pump efficiency; 

FIG. 32 is a view showing the relationship between the communicating hole width/blade groove width and 

FIG P 33?s% 6 view showing the relationship between the blade groove area/blade area and pump efficiency; 

FIG 34 is a view showing the relationship between the blade groove area and pump efficiency; 

FIG! 35 is a view showing the relationship between the impeller outer diameter/number of blades and pump 

©fficicncv 

FIG 36 is a view showing the relationship between the groove depth ratio and pump efficiency; and 
FIG. 37 is a view showing the relationship between the elliptical ratio of the blade grooves and pump 
efficiency. 



Best Modes for Constructing the Invention 

100301 A first preferred embodiment of an impeller according to the invention is illustrated in FIGS. 6 
hrough 8 FIG. 6 is a fragmentary sectional view showing a blade and a blade groove FIG 7 is a sectional 
S (sectional view in the radial direction) taken along the line VII-VII in FIG. 6 anc I FIG 8 is a sect.onal 
view (sectional view in the circumferential direction) taken along the line VIII-VIII in FIG. 6. 

[00311 Blades 43 are provided along the circumferential direction on the outer circumference at both sides 
of an mpeller 41 and blade grooves 42 are formed between the blades 43. The blade grooves 42 have a 
curTeXpe as shown in FIG. 7, when observed in sectional view thereof in the radial direction. When 
observed in sectional view thereof in the circumferential direction, as shown in FIG. 8, a connection portion 
45 between the blade grooves 42 and the end face 44 of the blade 43 at the rear side of the rotational 
diredton has a curved shape, for example, a circular or elliptical shape. Further, the blade grooves are 
foS and Inclined into a curved shape, for example, a circular shape, from the front side of the rotat.onal 
direction toward the connection portion 45. 

(00321 By forming the connection portion 45 between the blade grooves 42 and the end face 44 of the 
blade 43 into a curved shape when observed in sectional view thereof in the circumferential direction, flu.d 
resistance in the circumferential direction can be suppressed to a reduced ievei, penpnera, spe«u u, * 
vortex flow from the blade grooves at the front side of the rotational direction can be increased. 

[00331 In addition with the known impeller, as shown in FIG. 5, stagnation occurs at the portion G of the 
Eecfion poS between the blade" grooves 22 and the end face 24 of the blade 
the rotational direction, thereby decreasing efficiency. In the preferred embodiment, becaus th * blade 
arooves 42 are formed and inclined into a curved shape from the front side of the rotational direction 
ZZTtUe !omeZn portion 45 when observed in sectional view thereof in the circumferential direction, 
fluid resistance between the front side of the rotational direction and the connection Portion can b e 
suDoressed to a reduced level, so that the occurrence of stagnation can be prevented. Therefore, pump 
efficiency can be further improved. Further, because the construction of the blade groove 42 is simple, it is 
possible to mold the impeller from a thermosetting resin and the reliability thereof is improved. 

[0034] With regard to the shape of the blade grooves, it is satisfactory that the connection portion between 
the blade grooves and at least the end face of the blade at the rear side of the rotat.onal direction has a 
curved shape when observed in section thereof in the circumferential direction. 

[00351 FIG 9 shows a second preferred embodiment in which the sectional shape of the blade grooves in 
the circumferential direction has been modified. The blade grooves 54 illustrated in FIG. 9 are formed and 
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inclined into a rectilinear shape from the front side of the rotational direction toward the rear side of the 
rotational direction when observed in sectional view thereof in the circumferential direction. The connection 
55 between the blade groove 54 and the end face 53 of a blade 51 at the rear side of the rota ton* I 
direction, and the connection portion 56 between the blade groove 54 and the end face 52 of the blade 51 
at the front side of the rotational direction have a curved shape, for example, a circular shape. Further, the 
end face 52 of the blade 51 at the front side of the rotational direction can be omitted. In this preferred 
embodiment it is possible to suppress fluid resistance in the circumferential direction to a reduced level, as 
was the case in the preferred embodiment shown in FIG. 8, and it is also possible to suppress the fluid 
resistance between the front side of the rotational direction and the connection portion 55 to a lower level. 

r0036l A third preferred embodiment is illustrated in FIG. 10, in which the sectional shape of the blade 
groove in the circumferential direction has been modified. The blade groove 57 illustrated in FIG. 10 has ; a 
rectilinear shape, and is substantially parallel to the impeller plane when observed in section thereof in the 
circumferential direction, wherein the connection portion 58 between the blade groove 57 and the end face 
of the blade at the rear side of the rotational direction and the connection portion 59 between the blade 
qroove 57 and the end face of the blade at the front side of the rotational direction has a curved shape, for 
example a circular shape. In this preferred embodiment, it is possible to suppress the fluid resistance in 
the circumferential direction to a reduced level, as was the case in the preferred embodiment illustrated in 
FIG. 8. 

[00371 In the above embodiment, although a description was provided to improve pump efficiency by 
modifying the sectional shape of the blade grooves in the circumferential direction, pump efficiency can be 
improved by modification of the shape of the opening portion of the blade grooves. FIG. 11 shows a fourth 
preferred embodiment in which the shape of the opening portion of the blade grooves has been modified. 
In FIG 1 1 the opening portion of the blade grooves has an opening edge portion 61 in the radial direction 
on the front side of the rotational direction, an opening edge portion 62 in the radial direction on the rear 
side of the rotational direction, an opening edge portion 63 in the circumferential direction peripheral to the 
radial direction, and an opening edge portion 64 in the circumferential direction inward of the radial 
direction The connection portion 65 between the opening edge portion 62 and the opening edge portion 
63 the connection portion 66 between the opening edge portion 62 and the opening edge portion 64, and 
the opening edge portion 62 all have a curved shape, for example, a circular shape. 

[0038] With a known impeller shown in FIG. 12, because the opening portion of the blade grooves is 
const ucted such that the connection portion 206 between the opening edge portion 202 in Hie ad.a 
direction of the rear side of the rotational direction and the open.ng edge portion 204 n the a ^ferenhal 
direction inward of the radial direction have a rectangular shape, reverse flow occurs in the ^direchor of the 
arrow H relative to vortex flow. Therefore, pump efficiency is not satisfactory. In a Joj be^ he 
connection portion between the opening edge portion 202 in the radial direction of the rears de of the 
rotational direction and the opening edge portion 203 in the circumferential direction peripheral to the radial 
direSn has a rectangular shape, a speed vector in the circumferential direction barely occurs ,n the vortex 
flow flowing out from the blade grooves, and pump efficiency is not satisfactory. 

[00391 In the preferred embodiment, because the connection portion 66 between the opening edge portion 
62 and the opening edge portion 64 has a curved shape, fuel smoothly flows into the blade grooves, so 
fhaf it is possible to prevent the occurrence of reverse fuel flow. Further, because the open.ng edge port.on 
62 ! has a Curved shape the orientation of the vortex flow may be smoothly changed, and a speed vector in 
fhe d^XSJ is likely to occur. Also, because the connection 65 betweer . the ^ openmg edge 
portion 62 and the opening edge portion 63 has a curved shape, a speed vector in the circumferential 
5Son occurs in the vortex flow flowing out from the blade grooves. ^^\^SSS^ 
efficiency is further improved. Additionally, by forming the connection portions 67 and 68 between the 
oS edge ^SoXl and the opening" edge portions 63 and 64 into a curved shape, fluid res.stance 
may be reduced and pump efficiency is also improved. 

[0040] On the other hand, vapor (air bubbles) is generated as fuel temperature rises. If the vapor flows into 
flow line 36 through inlet opening 19 and becomes trapped in the bMgmp^ fhaSuste vapor 
decreased Therefore in known electro-drive type fuel pumps, a vapor exhaust port 37 that exhausts vapor 
•SS»»bKi^ is provided in one" flow line groove 35 of the pump cover 5 or the pump body 
^ However ®vapor in the blade grooves on the opposite side of vapor exhaust port 37 is not immediately 
expelled by the vapor exhaust port 37. 
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[00411 FIGS 13 through 15 show a fifth preferred embodiment in which pump efficiency is improved by 
increasing the vapor exhaust capacity of the blade grooves. FIG. 1 3 is a fragmentary sectional view 
showing a blade and a blade groove portion, FIG. 14 is a sectional view (sectional view in the radial 
direction) taken along the line XIV-XIV in FIG. 13, and FIG. 15 is a sectional vie* '^ectional view m the 
circumferential direction) taken along the line XV-XV in FIG. 13. A blade groove 72 provided atong , the 
circumferential direction at the outer circumference on both sides of an impeller 71 has a curved shape as 
shown in FIG 14 when observed in sectional view thereof in the radial direction. Further, as shown in FIG. 
15 a connection portion 75 between the blade groove 72 and the end face 74 on the rear side of the 
rotational direction of the blade 73 has a curved shape, for example, a circular shape, when observed in 
sectional view in the circumferential direction. It also has a curved shape, for example, a circular shape, 
from the front side of the rotational direction to the connection portion 75. 

[00421 Because vortex flow in the blade groove 72 occurs at the rear side of the rotational direction, the 
pressure in the blade groove 72 at the front side of the rotational direction is reduced. Therefore vapor in 
the blade groove 72 accumulates at the front side of the rotational direction. Accordingly, a hole 76 is^ 
formed in the front side of the rotational direction in the blade groove 72 to communicate with the blade 
qroove 72 secured on both sides of the impeller 71 . FIG. 16 shows a plan view of an impeller in which a 
communicating hole 76 communicates with the blade groove 72 and FIG 1 7 shows a ragmen ary 
enlarged view of the blade and the blade groove. Although it is possible to appropriately establish the width 
W of the communicating hole 76 in the circumferential direction, the width W is preferably two-thirds or less 
than the width B of the blade groove 72 in the circumferential direction. Further it is poss.ble to adequately 
determine a length L of the communicating hole 76 in the radial direction. Finally, the shape of the blade 
groove 72 can be varied or modified as shown in FIGS. 7 through 1 1 . 

[0043] By providing a communicating hole 76, which communicates with the blade groove 72, in the front 
side of the rotational direction in the blade groove, vapor in the blade groove 72 that has^ accumulated I on 
the side opposite of the vapor exhaust port 37 is channeled via the communicating hole 76 into the blade 
qroove 72 formed on the side in which the vapor exhaust port 37 is disposed and is expelled through the 
vapor exhaust port 37. Therefore, the vapor exhaust capacity of the blade grooves is improved on the 
opposite side that the vapor exhaust port 37 is disposed. Therefore, pump efficiency is improved. 

[0044] However, as shown in FIG. 1 , many examples exist in which the inlet opening , 1 19 is provided on the 
pump body 18 side and the outlet opening 20 is provided on the pump cover 5 side. Therefore, fuel that 
has accumulated in the blade groove on the side opposite to the side in which the outtet opening 20 is 
provided, i.e. the pump body 18 side as shown in FIG. 1, can not easily flow out to the outlet opening 20 
side. 

[0045] Accordingly, a sixth preferred embodiment in which pump efficiency is improved by increasing the 
discharge capacity of fuel in the blade grooves is illustrated in FIGS. 18 through 20, where.n FIG 18 .s a 
sectional view in the circumferential direction. FIG. 19 is a plan view of the impeHer, and I FIG _2C I is a 
fragmentary enlarged view showing a blade and a blade groove. In this preferred embod.ment, a ; holeJOJ^ 
is provided on the rear side of the rotational direction of the biade groove ,u . io com... y"'*"™* 
groove 101 attached to both sides of the impeller 100. The width W of the communicating hoi .102 in the 
circumferential direction and length L thereof in the radial direction can be adequately determined. 
SXraSnS width W of the communicating hole 1 02 in the circumferential direction is set to three- 
fourths of the width B or less of the blade groove in the circumferential direction. 

[0046] Because vortex flow in the blade groove 101 is generated on the rear side of ^l^^^ 9 ^ 
he pressure in the blade groove 1 01 at the rear side of the rotational direction is increased. For this 
reason wheJ ^ the blade groove 101 reaches the position of the outlet opening 20, as shown by the arrow J 
[n FIG M 18 toe fuel in the blade groove 101 formed at the opposite side of the side where the outlet opening 
20 is provided can easily flow out from the outlet opening 20 through the communicating hole 101 . 
Therefore, pump efficiency is further improved. 

[0047] A seventh preferred embodiment in which the length of the communicating hole in the radial 
Srec ion is changed is illustrated in FIGS. 21 and 22, wherein FIG. 21 is a plan view of an .mpelter , and 
FIG 22 is a fragmentary enlarged view showing a blade and a blade groove. In the preferred embodiment, 
the communicating hole 112 extends over the blade groove 1 1 1 in the radial direction. 

[0048] It is also possible to improve pump efficiency by forming the connection portion between the 
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opening edge portions of the opening portions of the blade grooves into a curved or bent shape An eighth 
preferred embodiment in which the opening portions of the blade " 
shown in FIGS. 23 and 24, wherein FIG. 23 is a plan view of an impeller, and FIG. 24 is a fragmentary 
enlarged view showing a blade and a blade groove. 

[00491 In this preferred embodiment, the connection portion 125 between the opening edge portion in the 
radial direction at the rear side of the rotational direction of the opening portion of the blade groove and the 
open ng edge portion in the circumferential direction outward of the radial direction has a , curvec shape, for 
examole a circular shape having a radius R relative to the rotational direction. Further, the radius R is 
pSerably setTn a range from two-thirds S to one-fourth S where it is assumed that the plate thickness of 
the impeller is S. 

[0050] In the preferred embodiment, the connection portion 126 between the opening edge .portion i in the 
radial direction at the front side of the rotational direction of the openmg portion of the blade portion and the 
opening edge portion in the circumferential direction outward of the radial direction has a curved shape, for 
example a drcular shape, having a radius r relative to the rotational direct.on. Wth regar I to the o her 
connection portions, they are formed as shown in FIG. 1 1 . Furthermore a "J" 
curved shape relative to the rotational direction may be provided on only one side and the curved shape 
may be elliptical. By forming the connection portion between the opening edge portions of the bade .groove 
portions into a curved shape, fluid resistance can be suppressed to a lower level, and it is poss.ble to 
Kase the circumferential speed of the vortex flow. Therefore, pump efficiency can be improved. 

r0051l Further bv inclining the opening portion of the blade groove relative to the radial direction pump 
^erS^b?iiTOrS^. A ninth preferred embodiment in which the opening portion of the blade portion 
fs inclined reLive to he radial direction is illustrated in FIG. 24. In this preferred embodiment, as shown by 
a Sashed I ne n FIG. 24, the opening portion is formed, being turned a predetermined degree o angle 
Ithetes tote front side of the rotational direction relative to a straight line P in the rad.a direcfion. It is 
S^J^ibteto^SeqSely set an inclination method and an inclination angle &thetas, of the opening 
poSon In this ; case, fluid resistance can be suppressed to a lower level, and pump efficiency can be 
improved. 

[00521 In the above description, communicating holes are provided at the same position relative to the 
blade oVooves at both sides of the impeller. However, the disposing position of the commun.cat.ng hole 
£ to the blade groove at one side of the impeller is made different from that of the ccmmu^at.ng 
hole at the other side That is, the communicating holes may be disposed w.th the.r positions shifted 
relative to 'the blade grooves at both sides of the impeller, so that pump efficiency can also be .mproved. 

[00531 The tenth preferred embodiment is shown in FIGS. 25 through 27, wherein FIG. 25 is a plan view 
?acinglhe nleiside) of the inlet opening side of an impeller 1 30, FIG. 26 is a P'^.ew (facing the .outlet 
side i of The out et opening side of the impeller, and FIG. 27 is a sectional view of the impeller m the 
c ?cum eren Sa d Sin the preferred embodiment, the blade groove 133 at the cutlet opemngs^e has 
t*en shifted to the rear side of the rotational direction relative to tne Diaoe groove . o . m u .<= .. ^»>>>» 
s?de so ^ ha a commun (Sting hole is disposed rearward of the rotational direction in the blade groove .131 
at the in ^^efo?eninTsiSe an d 9 is disposed at the front side in the rotational direction in the blade groove 1 33 
a the oT.tle?Spening side Thus, because the blade groove 133 at the outlet opening side has been shifted 
Sarward dHSim relative to the blade groove 1 31 at the inlet opening s.de, fuel in he 
bladTaYoove ' 13° at the inlet opening side is discharged into the outlet opening via the commun.cat.ng hole 

1 5 ?!nH thp h Mi aroove 133 at the outlet opening side when the blade groove 131 at the inlet opening 
idet partKiot b^bS.^S^n the'blade groove 131 opposite to the side where the outlet 

SnWs^Sedcan be easily discharged into the outlet opening, and pump efficiency is 

Ser because the positions of the blades are shifted on both sides of the .mpeller, .mpulse occurring at 

the partitS ^oHhe btades is dispersed. Therefore, impulse noise due to high frequency can be reduced. 

r00541 It is possible to adequately change the shifting distance between the blade grooves attentat 

2 side Sd those at the outlet opening side. An eleventh preferred embodiment is illustrated in FIGS^ 
2 t roug 30 in which the shifting distance between the blade grooves at ^1£^^ 9 rSS£T 
at the outlet opening side is established such that the commun.cat.ng holes are d.sposed ^t the middle o 
fhe blade Grooves at the inlet opening side. Also, in the preferred embodiment, because fuel can be easily 
discharged She blade grooves at the inlet opening side to the outlet opening via the blade grooves at 
the outlet opening side, pump efficiency is improved. 
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[00551 FIGS 31 through 37 show changes in pump efficiency when the shape, size of the blade grooves, 
disposing position of communicating holes, etc., are changed. The pump efficiency is obtained bjr the 
expression pump efficiency = g x (P x Q) / (T x N), wherein g is gravity acceleration T is motor torque N is 
S5 ^revolutions of motor, P is fuel pressure, and Q is a quantity of fuel. Further, the measured 
values shown in FIGS. 31 through 37 were obtained for an impeller in which the outer circumferential 
diameter E of the impeller is 33 mm, the outer diameter T of the impeller is 31 mm the impel er plate 
thickness S is 3.8 mm, and the number of blades is 43. Refer to FIG. 36 for the outer circumferential 
diameter E of the impeller, outer diameter T thereof, and plate thickness S thereof. 

[0056] FIG. 31 shows the shape of an opening portion of a blade groove, and the relationship between the 
disposing position of a communicating hole and the pump efficiency. Herein, the term straight means that, 
for example, the shape of an opening portion of a blade groove is formed as shown in FIG. 17, a 
communicating hole is provided at the front side of the rotational direction of the blade groove and at the 
same time, the length of the communicating hole in the radial direction is made shorter than the length of 
the blade groove in the radial direction. 

[0057] The term "straight, hole enlarged" means that the communicating hole is provided to extend the 
blade groove in the radial direction although the shape of the opening portion of the blade groove is the 
same as that in the definition of "straight." 

[00581 The term "curved" means that, as shown in FIG. 24, the connection portion 125 between the 
ooeninq edge portion in the radial direction rearward of the rotational direction of the opening portion 121 of 
the blade groove and the opening edge portion in the circumferential direction outward of the radial 
direction, and the connection portion 126 between the opening edge portion in the radial direction at the 
front side of the rotational direction and the opening edge portion in the circumferential direction outward of 
the radial direction have a curved shape relative to the rotational direction, and the communicating hole is 
provided to extend over the blade groove in the radial direction at the front side of the rotational direction. 

r00591 The term "blade inclined + rearward of communicating hole" means that, as shown in FIG 24, the 
opening portion 123 of the blade groove has been inclined relative to the radial direction, and at the same 
time, the communicating hole is provided rearward of the rotational direction. 

[0060] The term "curved + rearward of the communicating hole" means that the opening portion of the 
blade grooves has a curved shape, and the communicating hole thereof is provided at the rear side of the 
rotational direction of the blade grooves. As shown in FIG. 31 , although pump efficiency differs depending 
upon the shape of the opening portion of the blade grooves and the disposing pos. ion i of the 
communicating hole, pump efficiency is further improved than the pump efficiency (approx.mately 25 A) of 
the known electro-drive type fuel pump. 

[00611 FIG 32 shows the relationship between the width of the communicating hole/width of blade grooves 
and the pump efficiency. Herein, at the blade groove, the width thereof is a length d ot <M»<j W**™> <" 
fhe circumferential direction, and at the communicating hole, the width thereof ,s a length W of the middle 
portion ofthe communicating hole in the circumferential direction. If the ratio of the communicating hole 
width to the blade groove width is set in a range from 0.2 to 0.9, pump efficency is further improved than 
that ofthe known electro-drive type fuel pump. More preferably, the range is 0.3 to 0.6. 

[0062] FIG 33 shows the relationship of the ratio blade groove area/the blade area to the pump efficiency 
Herein the blade groove area is an area X of the opening portion of the blade grooves, and the blade area 
S an area Y of a blade provided between the blade grooves. Further, measured values shown in FIG. 33 
are ba ed In a case in which the blade area Y is made constant (1 .36 mm) while changing he blade 
groove area. If the ratio of the blade groove area to the blade area is set in a range from 2.0 to 4 5 pump 
efficiency is further improved than that of the known electro-drive type fuel pump. More preferably, the ratio 
thereof is set in a range from 2.2 to 4.2. 

[0063] FIG. 34 shows the relationship between the blade groove area and pump efficiency. IfJeNade 
groove area is set to 3.2 to 6.3 mm, pump efficiency is further improved than pump efficiency o the known 
electro-drive type fuel pump. More preferably, the blade groove area is set in a range from 3.5 to 6 mm. 

[0064] FIG. 35 shows the relationship between the impeller outer diameter/number of blades and the pump 
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efficiency Herein the impeller outer diameter T is a distance between the opening edge portions in the 
t^SeSSon of the radial direction outside of the radial direction of the blade grooves (J does 
not include the width t of the outer circumferential wall), and the number of blades is the number of blades 
S I for -an impeller. The outer circumferential diameter E of the impeller is E=T + 2t Further, measured 
values shown in FIG 35 are based on a case in which the outer diameter T of the impeller is made 
constant (30 mm) while changing the number of blades. If the ratio of the outer diameter of an impeller to 
fo dumber of blades is set in a range from 0.5 to 0.9, pump efficiency is further improved than the pump 
efficiency of the known electro-drive type fuel pump. More preferably, the ratio is set in a range from 0.55 to 
0.85. 

[00651 FIG 36 shows the relationship between the groove depth ratio and the pump efficiency Herein, the 
groove depth ratio is a ratio M/N of the depth M of the deepest portion of the flow l.ne groove to he depth N 
of the deepest portion of the blade grooves. If the groove depth ratio is set in a range from 0.36 through 
0.76, pump efficiency is further improved than pump efficiency of the known electro-drive type fuel pump. 
More preferably, the groove depth ratio is set in a range from 0.4 to 0.75. 

[00661 FIG 37 shows the relationship between the groove elliptical ratio of blade grooves and pump 
efficiency Herein, the elliptical ratio of the grooves is a ratio (M+N)/K between the sunn of the depth M of 
the deepest portion of flow line grooves and the depth N of the deepest portion of the blade grooves and 
the lenqth K of the blade grooves in the radial direction. If the elliptical ratio of the blade grooves is set m a 
range from 0.75 to 1.1, pump efficiency is further improved than that of the known electro-drive type fuel 
pump. More preferably, the elliptical ratio is set in a range from 0.8 to 0.97. 

[00671 In the above description of each of the above-mentioned preferred embodiments it has been 
explained that pump efficiency could be improved by changing the shape (curvature, inclination eto) of the 
opening portions of the blade grooves, and changing the arrangement of the communicating holes, and 
disposing position and size thereof. As a matter of course, these objects can be achieved by various 
combinations of the above factors. 
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Claims 



1 An impeller for an electro-drive type fuel pump having blades and Wade Shoves provided along the 
circumferential direction, wherein said blade grooves have a curved shape when observed in Seconal 
XwThe eo in the radial direction, and wherein connection portions between said blade grooves and end 
faces of said blades at the rear side of the rotational direction have a curved shape when observed in 
sectional view thereof in the circumferential direction. 

2. An impeller for an electro-drive type fuel pump as set forth in Claim 1 , wherein the curved shape of said 
connection portions is circular. 

3 An impeller for an electro-drive type fuel pump as set forth in Claim 1 , wherein said blade grooves are 
formed andTncSed from the front side of the rotational direction toward said connection portions when 
observed in sectional view thereof in the circumferential direction. 

4 An impeller for an electro-drive type fuel pump having blades and blade grooves that are provided along 
L ci;cu P mtrentia?direction, whereiS opening portions of said blade grooves ^S^th'i^al 
connection portions between opening edge portions in the radial d.rect.o n J the rear side • o^ he ^° nal 
direction and opening edge portions in the circumferential direction outward of the radial direction have a 
curved shape. 

5 An impeller for an electro-drive type fuel pump as set forth in Claim 4, wherein the opening portions of 
said blade grooves are constructed such that the opening edge portions in the radial direction at the rear 
side of the rotational direction have a curved shape. 

6. An impeller for an electro-drive type fuel pump as set forth in Claim 4, wherein the opening portions of 
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said blade grooves are constructed such that connection portions between the opening edge portions in 
the radial direction at the rear side of the rotational direction and the opening edge portions in the 
circumferential direction inward of the radial direction have a curved shape. 

7 An impeller for an electro-drive type fuel pump having blades and blade grooves provided along the 
circumferential direction, wherein the opening portions of said blade grooves are formed and inclined 
relative to the radial direction. 

8 An impeller for an electro-drive type fuel pump having blades and blade grooves provided along the 
circumferential direction at both sides, wherein communicating holes are formed to communicate between 
the blade grooves at both sides thereof. 

9 An impeller for an electro-drive type fuel pump as set forth in Claim 9, wherein said communicating holes 
are formed to extend over said blade grooves in the radial direction thereof. 

10 An impeller for an electro-drive type fuel pump as set forth in Claim 9, wherein said communicating 
holes are formed at the front side of the rotational direction of said groove blades. 

1 1 An impeller for an electro-drive type fuel pump as set forth in Claim 9, wherein said communicating 
hoies are formed at the rear side of the rotational direction of said blade grooves. 

12 An impeller for an electro-drive type fuel pump as set forth in Claim 9, wherein the blade grooves facing 
the outlet side are shifted toward the rear side of the rotational direction relative to the blade grooves facing 
the inlet side. 



Data supplied from the esp@cenet database - 12 



file://C:\Documents%20and%20Settings\63 83\My%20Documents\espacenet\WO9907990. . . . 



